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J gPFrTFir^TION 

2 I. Tide of the Invention 

3 Low Temperature Dry Elching Method and Device Therefor 

4 2. WHAT IS CLAIMED IS: 

5 1 . A low temperature dry etching method characterized by the fact that an etching gas and a gas 

6 which causes a thin film to form on a surface of a material to be etched art alternately guided after a sex 

7 interval inside a vacuum container, the surface of said material to be etched is chemically proce»cd at a set 

8 temperature in an excited plasma obtained from said gas or [in?] the aforementioned guided gas; and in th« 

9 me*od, heat from a heater and low temperature cooling using a Uquefied gas are used together in controlling 
1 0 a temperature of said material to be etched. 

U 2. A low tcmperawre dry etching device which is characterized by the fact of being equipped with a 

12 vacuum container, a sample plate on which a material to be etched is placed inside the container, a control 

13 device which alternately supplies an etching gas and a gas that causes a thin fitai to be formed on a surface of 

14 a material to be etched, a device which generates excited plasma obtained from said supplied gas, and a 

15 device wliich chemically processes the surface of said material to be etched at a set temperature; and this 

16 device is equipped with said sample plate device which uses heater heat and low temperature cooling using a 

1 7 liquefied gas together, and a circuit which causes an electrical signal inputted from a temperature sensor to be 

1 8 fed back to a heat control for said heater or a supply control for said liquefied gas. 

19 3. A low temperature dry etching device which is recited in CUim 2 in the Speclficatipn and Is 

20 characterized by the fact that for said heat, an electrically heating heater is used, and the voltage supplied 

2 1 thEieto is made lo be pulse voltage. 

22 4. A low temperature dry etching device which is recited in Claim 2 in the Specification and is 

23 characterized by the fact that said liquefied gas uses liquid nitrogen, liquid ammonia, 

24 trichloromonofluoromediane (CCI3F) or liquid helimn. [Note: Some of the fonnulas throughout rhe patent 

25 copy have illegible subscripts; whenever possible, the subscript numerals were reconstructed from the spelled 

26 out chemical name or coatcxt.] 

27 3, Detailed Description of the Invcnrioa 
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(Field of Industrial Utilization) 

nie present invention relates to a fine processing technology for surfaces, and in particular, it relates 
to a low teaiperature dry etching method and a device therefor suitable in the anisotropic etchmg processing 



2 

3 

4 of semiconductor wafers. 



5 (Prior Art) 

6 A£ the degree of integration for semiconductor integrated circuits grows from LSI to VLSI, the 

7 dimensions of integtated devices becomes increasingly fine. When a resist image having a pattern 1 m or 

8 less is masked and the substance thereunder is etched, it is expected that the reaction product will be readily 

9 removed if a low pressure gas plasma is used, and that a fine pattern wiU be readily created with little trouble 

10 from the undercut if ion acceleiTiiion due to an electrical field such as in reactive etching is used. 

1 1 While so-called diy etching which uses gas and not a bath is an indispensable technology in VLSI 

12 manufactuiing. cooling the sample plate on which the sample is placed is a widely known technology to 

13 prevent alftaadon to the resist mask, and water cooling is the most general qrpe of cooling; however, it has 

14 been announced in Nuclear Instruments and Methods 189 (1981) pp. 169 - 173 that gas has also been 

15 partially used. It is self-evident that the sample plaie is cooled to a temperature below the 120 to 150" C at 

16 which the resist will be altered with either method, and the tHupcrature conliol range is in the range of 20 to 

17 100" C. Further, prior an which prevents side etching has been disclosed in unexamined patent publication 

18 applicatiofi 60-158627 li.e., 1985-158627] in which the sample is cooled to below room teraperoture or more 

19 specifically, to minus 10" C or lower, using heatpiping. In dry etching, while high energy particles, such as 

20 ions and electrons, and neutral particles such as radicals are simultaneously irradiated parallel to the surface 

21 of the sample, only the neutral panicles irradiate onto the side walls of the pattern. In said prior art. when the 

22 sample is cooled to the low temperamrt of negative tens of degrees C. the reaction rate of the sample and the 

23 neutral pailicles drops remarkably, and etchmg ceases to occur on the side wall of the pattern; however, a 

24 pseudo-hi(5h temperamre state is cn:ated in the extreme (edge of the] surface because high energy panicles 

25 such as ions and electrons collide with the parallel surface, and the etching proceeds. Because of this, 

26 anisotropv: etching wifli little side etching is achieved. 

27 Also, there is technology in the invention disclosed in unexamined patent publication application 60- 

28 50923 [i.e., 1985-50923] in which an etching gas containing halogen element and a gas which causes a thin 

29 film to foim on die surface of a material to be etched arc ahcmately guided inside a vacuum container, thin 
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,„d etching in the surface of the tnaterial to be etched m the plcsma excited by these gases arc 

alternately rep.jatcd while anisotropic etching is performed. 
(Problems the Invention is Intended to Solve) 

iry etching device and 1 

:.f 0" C. or preferably to - 50' C or lower, enhancing the thin film formation ratio, the thm film 



1 film formalion 
2 



4 

5 

6 was 

7 narrow 
8 
9 



13 fonnation tin« is reduced, the nt:n,ber of repeat cycles for thin Am fom^.tion is decreased through effects 



12 temperature c 

14 that p^cnt side etching with a low tetnperatur.. the low tempen.mre range to correspond to etchmg 

,5 conditions is widened and a san^ple piate is provided on which the sample can be set to the dastred 

16 temperature irange. 

1 7 (Means to S cilvc the Problems) 

It i, possible to achieve said object wtth a circuit which controls the t«nperanne of the san,ple plate 



19 using a 
20 
21 
22 



ustngadevicethatusesbothaheatinB beater and coolingbyali^uefied gas; and[with7]a»^^^^^^ 
dry etching method which. asan.«.s in coolthernaterialto be etched toan«gefromOto-200 C«^ 

guide an etching gas «.d a gas for thin fetation inside a vacuum container, is executed via a dev.ce 
which sets die timing to automatically open and close a gas line valve. 



23 (Effects) 

24 By setting said temperamre range of a material to be etched with a good arbitrary precision, the 

25 const.n.ntpatticlesofthefilman.readilyadsorbcdinthesurfaceofthematerialtobeet^^^^^ 

26 efficiencycfthesidewallsofthepatternandthen=utraln.dicalswbichareaca«seofsideetch.ng^o^^^ 

27 the vapor pressure of the reaction products drops sinudumeously. Due to these synergistic effects. 

2, p«.duction rate of thin Hho increases, and the amount of side etching decreases. More specifically, even tf a 
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1 rcduciion in the thin film production time is provided for by incrcBsing the rate of the thin fihn production, 

2 the side etching can be controlled, 

3 (Embodiments of the Invention) 

4 The present invention is described below using embodiment devices. Fig. 1 is a summary description 

5 drawing which indicates an embodiment of low tempcramre dry etching usmg an RIE (reacdve ion etching 

6 device) pertaining to the present invention; a processing chamber 1 is a load lock type; condensation on the 

7 sample plate due to moisture in the atmosphere is prevented by mutually separating a sample exchange 

8 chamber 2 and a gate valve 3. 4 is a processing gas supply opening; 24 is a control device which sets the 

9 timing by which a gas line vaJve automatically opens and closes and which must alternately guide a gas for 

10 thin fihn fonnation and an etching gas into a reaction container; 7 is a sample plate into which a liquefied gas 

11 10 is guided; for a heating heater, an electric heater is used, and a temperature sensor 18 is disposed 17 is a 

12 Tefbnplate; 19 is a temperumre gauge; 20 is insulation; and 21 is a liquefied gas container Sample plate 7 is 

13 made of copper in the present embodiment to enhance the cooling efficiency of a material to be etched 8, and 

14 other than a portion on which material to be etched 8 is placed, sample plate 7 is covered with a quartz cover 

15 6 to prevent contamination due to copper sputtering. ITib surface of quartz cover 6 is cooled, and in order to 

1 6 prevent the reaction gas and reaction products from adhering, it is favorable for the thickness of quartz cover 

17 ' 6 to be at least 5 mm; when this could not be anached, there was trouble with the control of the gas pressure 

1 8 because at - 1 50° C and lower, electrodes work as a trap for SFi gas. Depending on the conditions of the 

19 embodiment, quartz cover 6 can be substimted with a Teflon cover, and a metal O-ring 5 is used for the 

20 vacuum seal portion to which the inside of sample plate 7 and processing chamber 1 contact, retaining a seal. 

21 A pulse voltage was used for the voltage supplied to electric heater 9. and the pulse interval was set lo a range 

22 between 0.1 and 60 seconds depending on the sec temperature of sample plate 6 [sic]. An output signal from a 
22 temperature sensor 18 is transmitted to a heater power source 12 or a gas supply control system 23 via a 

24 feedback circuit 22, and the heating and cooling of sample plate 7 are controlled. Through this, it was 

25 possible to control the temperature of sample plate 7 to ± 2* C of the set value. Sample exchange chamber 2 

26 performs ttie preparatory cooling of material to be etched 8 before conveyance to processing chamber 1 and 

27 the heating of material to be etched 8 after processing. A quartz plate 16 (substitution with Teflon is also 

28 possible) if: provided at the surface of sample plate 13 which contacts material to be etched 8 in sample 

29 exchange chamber 2. A gas cooled by liquid nitrogen is guided from a cooling gas supply opening 14, and 

30 material to be etched 8 is cooled. The flow volume of the cooling gas was slowly increased in order to not 

31 inflict damage on material to be etched 8. and [material to be etched 87 Literally, the sentence reads "the flow 

32 volume"] was gradually cooled until it reached the temperawre of sample plate 7 in processing chamber 1. 
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1 After processing, material to be etched 8 is again conveyed to tlie lop of sample plate 13, and a heating lamp 

2 15 raises the temperature until ii reaches room temperature, 

3 In the above device, the temperature of the Si material to be etched was set at - 80* C, the etching 

4 gas used was SF^; CCI4 was used as a gas for film formation; the set times for one cycle of the SFe, and CCI4 

5 were 40 seconds and 5 seconds respectively; the results of implemendng etching processing in five cycles for 

6 a total of 225 seconds were that the etching depth was I \im and the amount of side etching was 0. 1 fim or 

7 less. In order to obtain results similar to those mentioned above without cooling the material to be etched, the 

8 time for one cycle each of both SFs and CC1< to 20 was made seconds, and a total etching processing time of 

9 480 seconds in 1 2 cycles was required. More specifically, an etching gas and a gas for film production were 

10 guided alternately, and by cooling the material to be etched, the present embodiment was able to reduce the 

1 1 processing time roughly 47%. 

12 Next, the cooling tempeiBmre of sample plate 7 was changed to a range of 0 to - 150** C, and die Si 

13 etching forms were compared. Fig. 3 is a characteristics drawing indicating the relationship between the 

14 amount of side etching and the temperature of die sample plate; a tendency was seen wherein die side etching 

15 decreased remarkably at temperatures less than roughly - 80* C; the amount of side etching at - 100" C 

16 decreased to 0.05 fim or less. Also, dierc is an unfavorable drop in the etching proportion identified ai - 120'' 

17 C and lov/cr From these results, it can be seen that the optimal etching temperature in die present 

18 embodiment is from - 100 to - 120'* C. 

19 When SiCU was used in place of SF^ for the etching gas in the embodiment device in Fig. 1, - 80 to 

20 - 100° C was the optimal temperature, and the amount of side etching was roughly 0.05 |mn or less, 

21 Also, in the embodiment device in Fig. 1, when W was used for die material to be etched, effects. 

22 were seen where the amount' of side etching decreased from - 20' C, and the mnge of - 40 to - 80** C was an 

23 optimal temperature. 

24 While to an extent, AI, SiO,, SijN,. Mo, Ti, Ta, photo resist and other materials each have 

25 differences as materials to be etched, effects of controlling die side etching due to cooling were identified[.] 

26 When liquid helium was used in place of liquid niiiogen for die cooling UqueOed gas in the 

27 embodiment device in Fig. 1, die cooling efficiency was high, and it was possible to cool the sample plate in 

28 a shorter lime than with liquid nitrogen. Additionally, gases such as liquid ammonia and 

29 trichloromonofluoromethanc may be used. 
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1 Fi-g- 2 indicates another embodiment of the present invention; it is an embodiment device in which 

2 aucrowave plasma etching was used; and the items to which symbols thai are the same as those in the 

3 embodiment in Fig, 1 have equivalent functions thereto. Microwaves excited with a magnetron 25 are guided 

4 into a wave guide tube 26, and plasma is generated inside processing chamber 1. Through ECR (election 

5 cyclotron resonance) effects, magnetron 27 works to enhance the excitation efFiciency. A device having the 

6 constnictio a mentioned above is used to etch Si; the gas supply times for one cycle each of SFo and CCI4 were 

7 set to 20 seconds and 3 seconds respectively. The ionization efficiency due to the present device were high; 

8 die density of activated species was high compared to that in the embodiment device in Fig* 1, so an etching 

9 amount was obtained with a thickness of I in a total processing time of 92 seconds in four cycles. When 

10 cooling was not used, the processing times for one cycle were 20 seconds each, and an equivalent amount of 

1 1 etching wa:i obtained by repeating this four times at 1 60 seconds, so the total processing time was reduced to 

12 58%. Usin^; the present device, the amount of side etching was 0.05 or less when etching was done on Si 

13 using SFd g as in a temperature range of - 80 to - 120° C. 

14 F(»r the heating heater in the present embodiment, an electric heater was used, but there is no 

15 hindrance lo using a heater using a different heat source. 

1 6 (Effects of the Invention) 

17 According to the embodiments of the present invention, retnaikablc c^cts are indicated such as that 

18 it is possible to set the optimal temperature of the processing gas and material to be etched to a wide range. 

19 results were identified wherein the etching processing time was reduced and the side etching was controlled, 

20 and the precision of fine processing was improved 

21 4. Brief D-5Scription of the Figures 

22 Fiig, 1 is a summary description drawing of a low temperature dry etching device that indicates an 

23 embodiment pertaining to the present invention; Fig. 2 is a summary description drawing of another 

24 cmbodimetat pertaining to the present invention; Fig. 3 is a characteristics drawing indicating relationships 

25 between the lemperaiure of a sample plate and the amount of side etching. 

26 

1 processing chamber 2 sample exchange chamber 

3 gate valve 4 processing gas supply opening 

5 O-ring 6 quartz cover 
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7 sample plate 

9 elecnic heater 

11....RF power source 
13. ...sample plate 
15....heati]ig lamp 
17. ...Teflon plate 
19 .... lemperamre gauge 
21 ....liquefied gas container 
23 .... liquefied gas supply control system 
25....niagrieiron 
27... magnet 

1 

2 Representative Junnosuke Nakamura, Patent Attorney 

3 

4 [Figures] 

5 Fig.l 

6 Fig. 2 

7 Fig. 3 

8 [x-axis] Stimple plate temperamre (** C) 

9 [y-axis] A.inotmi of Si side etching (^m) 
10 



8 material to be etched 

10. ...liquid nitrogen 
12 ....heater power source 
14. ...cooling gas supply opening 
16.. ..quartz plate 
18 ....temperamre sensor 
20 ....insulation . 
22 ....feedback circuit 

24 ....reaction gas opening and closing control system 
26 ....wave guide tube 
100 ..plasma 
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